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I.&Abstract&" Coral"reefs"are"microcosms"of"biodiversity"and"life.""They"are"home"to"about"a"quarter"of"all"marine"life,"yet"amount"to"only"about"1%"of"the"world’s"marine"environment."Coral"reefs"are"very"vulnerable"ecosystems;"there"are"numerous"threats"to"their"health,"such"as"damage"by"echinoderm"and"fish"feeding,"natural"disasters,"coral"illness"and"bleaching"events.""Coral"health"fluctuates"according"to"many"of"these"factors"and"as"a"result"of"the"fragile"symbiotic"balance"between"zooxanthellae"algae"and"corals.""Subsequently,"coral"health"is"an"essential"topic"for"analysis"and"assessment.""""""""""""""Coral"reefs"were"assessed"in"Lokobe"National"Park,"Nosy"Be"and"Tanikely"National"Park,"Nosy"Tanikely"in"northwest"Madagascar."At"each"site,"there"were"4"stations."The"4"stations"in"Lokobe"are"Antsaravy,"Plaque"Hely,"Tsakabaniany,"and"Ampasindava."At"Tanikely,"surveys"were"conducted"at"North,"South,"East"and"West"stations.""In"each"station,"there"are"4"transects"of"20"meters"by"2"meters."I"hypothesized"that"Lokobe’s"corals"would"be"less"healthy"and"less"diverse,"because"of"their"close"proximity"to"homes"and"human"impacts."Also,"Tanikely"will"be"healthier"and"more"diverse"because"it"is"well"protected"and"only"visited"by"tourists"during"the"day,"with"no"permanent"inhabitants."In"this"study,"coral"health"is"examined"through"a"variety"of"visual"analyses"and"calculations.""The"tests"conducted"are"species"richness,"species"evenness,"coral"forms,"coral"cover"percentage,"reef"health"classification,"relative"species"abundance,"juvenile"species"recruitment,"and"echinoderms"encountered"and"coral"bleaching/illness."All"of"these"totals"attribute"to"the"overall"health"of"each"coral"reef"site.."Coral"reefs"are"classified"on"the"ASEAN"scale"of"reef"health"from"bad"to"excellent."This"scale"classifies"coral"reefs"by"presence"of"hard"coral.""Overall,"corals"are"healthier"in"Lokobe"National"Park."There"is"a"large"amount"of"hard"coral"cover,"juvenile"species"recruitment"and"relatively"small"amounts"of"coral"bleaching"and"illness."However,"there"is"less"coral"species"diversity"and"more"species"evenness."In"Lokobe,"less"echinoderms"were"encountered"compared"to"the"plethora"found"at"Tanikely."At"Tanikely"National"Park,"corals"are"in"generally"worse"health."There"is"less"hard"coral"cover,"more"coral"bleaching"and"illness,"and"more"reef"degradation."Moreover,""there"is"higher"species"richness"at"Tanikely"than"that"of"Lokobe,"and"there"is"less"species"evenness."However,"there"are"many"echinoderms,"especially"sea"urchins,"which"are"an"indicator"of"reef"degradation."Coral"reefs"are"a"vital"marine"ecosystem"that"are"homes"to"many"organisms"that"people"depend"on."Reef"health"is"important"to"analyze"and"assess"in"order"to"adequately"protect"these"habitats.""
"""
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II.&Introduction&""""""""Madagascar"is"world"renowned"for"its"diverse"and"endemic"fauna"and"flora."The"island"has"about"5,500"kilometers"of"coastline,"with"abundant"reefs,"beaches"and"mangroves;"it"is"home"to"3%"of"the"world’s"species."These"varieties"of"marine"habitats"are"extremely"vulnerable"and"receptive"to"climactic"or"human"perturbation."Increased"ocean"temperatures"as"a"result"of"climate"change"are"extremely"detrimental"to"certain"marine"communities;"the"increased"atmospheric"carbon"dioxide"causes"elevated"ocean"acidification"and"coral"bleaching"events."Coral"bleaching"is"the"whitening"of"corals"due"to"loss"of"symbiotic"algae"and/or"loss"of"pigment,"which"is"attributed"to"a"change"in"temperature,"solar"irradiance"or"disease"(Brown"B.E."1997)."Coral"bleaching"is"a"phenomenon"that"can"have"detrimental"consequences"for"marine"species"that"depend"on"the"habitat;"it"also"shows"complex"spatialftemporal"dynamics"of"the"ocean"(Spencer"et"al"2000)."Coral"reefs"are"especially"vulnerable"to"slight"climatic"changes"because"of"the"crucial"symbiotic"balance"between"the"coral"and"zooxanthellae"algae."Coral"reefs"worldwide"are"home"to"about"a"quarter"of"known"fish"species;"disturbances"to"this"microcosm"of"diversity"will"result"in"the"loss"of"a"valuable"resource,"which"has"cultural,"ecological"and"economic"value"(Adam"et"al"2014)."
1.&Coral&Reefs&of&Madagascar:&Background&" Coral"reef"ecosystems"exist"all"around"the"world"and"are"homes"to"a"plethora"of"important"marine"species.""Madagascar"has"the"highest"recorded"coral"diversity"of"the"Western"Indian"Ocean"and"Red"Sea"(RAP"2010)."Coral"reefs"exist"as"3"different"types:"atolls,"barrier"reefs"and"fringing"reefs."Fringing"reefs,"or"shore"reefs,"are"by"far"
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the"most"common"type"of"coral"reef."(Bakary"2014)"The"reefs"grow"directly"from"shore"with"no"intervening"lagoon"to"buffer"any"runoff"from"land,"pollution"and"sedimentation."The"second"most"abundant"reef"types"are"barrier"reefs;"these"are"linear"reefs"parallel"to"shore,"which"are"separated"by"a"lagoon."Lastly,"the"final"type"is"the"atoll."An"atoll"is"a"circular"oceanic"reef"surrounding"a"deep"lagoon,"created"from"volcanic"island"formation"and"subsidence."In"Madagascar,"there"is"a"total"of"3,540"kilometers"of"coral"reefs,"consisting"of"1,130"kilometers"of"fringing"reef,"557"kilometers"of"reefs"around"islands"and"patch"reefs,"52"kilometers"of"barrier"reef"and"1,711"kilometers"of"submerged"coral"banks"and"shoals"(Cooke"et"al"2000)."Nosy"Be’s"coral"reefs"are"in"one"of"the"most"susceptible"zones"in"the"Western"Indian"Ocean"(UNEP"Nairobi"Convention)."
""""""""""""Lokobe"National"Park,"in"Nosy"Be,"Madagascar,"was"created"as"an"Integrated"Nature"Reserve"and"is"now"a"national"park."Nosy"Be"is"one"of"the"most"frequently"visited"tourism"hubs"in"northern"Madagascar;"Lokobe"is"known"for"its"endemic"
Figure*1a."Coral"Reef"Western"Indian"Ocean"Susceptibility"Map"and"locations"of"surveyed"sites"by"United"Nations"Environment"Programme’s"coral"reef"task"force."(UNEP)"Nosy"Be"
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black"lemurs,"panther"chameleons"and"remarkable"snorkeling"with"its"rich"coral"and"marine"life."Lokobe"is"located"in"a"volcanic"region"of"the"island,"characterized"by"basaltic"lava"flows"and"fertile"soil."Although"this"area"is"a"marine"no"take"zone,"the"reserve"is"still"under"pressures"from"marine"degradation"and"human"induced"local"pressure."Hunting,"fishing,"and"habitat"degradation"are"the"main"threats"to"animal"livelihoods"on"Nosy"Be."Above"all,"climate"change"adds"to"these"threats"with"increased"ocean"temperatures,"which"perturb"natural"marine"ecosystems"in"various"manners.""" Nosy"Tanikely"is"a"small"island"8.5"kilometers"off"the"southwestern"coast"of"Nosy"Be."It"is"a"National"Park"and"also"a"marine"reserve,"which"prohibits"fishing"within"500"meters"from"shore."The"island"is"uninhabited"and"frequented"by"tourists"for"its"beautiful"coral"reefs"and"associated"marine"life."Nosy"Tanikely"was"named"the"“best"reef"in"the"Nosy"Be"area”"by"the"2010"RAP"Assessment.""" Madagascar’s"reefs"are"rich"microcosms"of"life;"however,"there"are"many"signs"of"damage"on"reef"flats"near"human"activities"compared"to"healthier"isolated"reef"slopes"(Ahamada"et"al."2002)."There"are"many"threats"to"coral"reefs,"such"as"ocean"forces"with"strong"winds,"large"swells,"“alizés”,"cyclones"and"coral"mortality"(Ahamada"et"al"2002)."Nonetheless,"the"largest"menace"to"coral"health"is"still"human"degradation"through"pollution"and"anthropogenic"stresses.""Other"human"impacts"include"overexploitation"of"marine"resources"(fishing"and"coral"extraction),"runoff,"point"source"pollution,"and"destructive"fishing"practices"(RAP"2010)."Historical"data"shows"that"coral"cover"is"declining"in"many"geographic"areas"due"to"a"variety"of"disturbances,"including"human"impacts"and"coral"bleaching"events"(Coker"et"al"
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2012)."
2.&Purpose&""""""""""""""The"purpose"of"this"study"is"to"determine"the"health"of"coral"reef"systems."The"northwest"of"Madagascar"is"the"second"most"biodiverse"marine"ecosystem"in"the"world."With"human"impacts"and"climate"change,"reef"ecosystems"are"under"extreme"pressure."Corals"grow"only"1"centimeter"per"year,"and"are"made"up"of"millions"of"individuals"that"need"sunlight,"nutrients,"bicarbonate"and"zooxanthellae"in"order"to"survive."This"balance,"however,"is"extremely"vulnerable,"and"even"the"slightest"perturbations"can"result"in"coral"death.""The"health"of"coral"reef"ecosystems"is"essential"for"many"marine"organisms"and"the"people"that"depend"on"the"sea"for"their"livelihoods."
3.&Hypotheses&" In"this"study,"I"will"examine"coral"species"diversity,"coral"health,"total"species"present,"juvenile"species"and"coral"bleaching/illness."There"are"many"influential"variables"to"this"study,"however"my"hypotheses"are"that"Lokobe,"an"integrated"protected"nature"reserve,"will"be"less"healthy"than"Tanikely,"which"is"a"protected"marine"reserve"and"hailed"as"one"of"the"best"reefs"in"Northern"Madagascar."Lokobe"is"closer"to"human"impacts,"which"will"render"more"coral"degradation"and"illness"and"less"coral"diversity."Also,"its"marine"protected"area"is"less"enforced"than"that"of"Tanikely,"so"there"would"be"less"coral"recruitment"and"echinoderm"species."Tanikely"will"have"more"coral"diversity"and"less"bleaching"as"a"result"of"the"healthier"reefs."
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III.&Methods&" The"present"work"conducted"relied"solely"on"observation"methods,"which"were"visual,"and"nonfdestructive."All"methods"employed"did"not"perturb"the"habitat"or"the"marine"populations."These"methods"were"employed"to"determine"the"state"of"the"health"of"the"coral"reefs"by"way"of"line"transects.""
"
*
1.&Station&Choice&" After"multiple"preliminary"interviews"with"fishermen,"8"stations"of"fringe"coral"reefs"were"chosen."The"choice"was"based"on"the"following"criteria:""site"position,"the"presence"of"coral"formations,"accessibility"of"the"site,"alignment"of"the"site"and"the"
Figure*1b.*Nosy*Be*and*Nosy*Tanikely*Map:*Lokobe"National"Park"is"located"on"the"south"east"corner"of"Nosy"Be."Nosy"Tanikely"is"a"National"Park"and"Marine"Protected"Area"(MPA)."googlemaps©*
Nosy"Tanikely"
Nosy"Be"
N"
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specific"diversity"of"the"site."
"""""""""This"study"was"conducted"in"the"two"National"Parks"of"Lokobe"and"Tanikely,"in"Nosy"Be"and"Nosy"Tanikely,"northwest"Madagascar.""We"conducted"surveys"at"4"different"stations"at"each"site."At"each"station,"4"transects"were"conducted."Each"transect"was"20"meters"long"and"2"meters"wide."At"Lokobe,"the"stations"surveyed"were"Antsaravy,"Plaque"Hely,"Tsakabaniany,"and"Ampasindava."At"Tanikely,"surveys"were"conducted"at"North,"South,"East"and"West"stations."
Figure*2.*
Lokobe*
National*
Park,*Nosy*Be*
Madagascar.*This"figure"shows"how"the"transects"are"placed"in"the"environment."This"station"is"Plaque"Hely,"one"of"4"stations"in"Lokobe."4"transects"are"placed"in"the"reef"using"a"transect"tape"of"20"meters"long.""googlemaps©"
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2.&Methodology&" This"data"relies"only"on"methods"of"visual"observations,"which"are"nondestructive"and"do"not"harm"the"habitat"in"any"way."The"methodology"adopted"was"that"of"the"“Line"intercepted"Transect"(LIT)"and"Reef"Check"(RC)”,"which"have"been"in"use"since"2002"(Bakary"2014)."The"methods"consist"of"linear"transects"in"each"station."This"is"a"standard"method"for"the"study"of"corals"(living"and"dead),"benthic"organisms"and"invertebrates"to"measure"the"composition"of"different"communities.""
Figure*3.*
Nosy*
Tanikely*
National*
Park,*
northwest*
Madagascar."The"study"was"conducted"in"the"four"stations"of"North,"West,"South"and"East."In"each"station"we"made""4"transects"to"determine"coral"reef"health."googlemaps©"
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""""""""""At"each"transect,"we"assessed"the"coral"cover,"position"on"the"transect,"species"and"degradation"or"illness"of"the"coral"reef."We"also"noted"the"presence"of"any"coral"bleaching,"sea"urchins"(Diadema'sesotum)"and"sea"cucumbers"(Holothuria'atra,'
Pearsonathuria'graeffei,'Stichopus'
chloronotus,'Synapta'maculate,'Bohadschia'
argus)."For"each"species"of"coral"directly"under"the"transect"line,"the"scientific"name,"meter"and"code"of"the"form"(Table"2)"was"written"on"the"underwater"slate."The"surrounding"line"was"surveyed"for"sea"urchins"and"sea"cucumbers."For"each"station,"we"also"noted"the"station"name,"date,"GPS"position"at"the"start"of"the"first"transect"and"at"the"end"of"the"fourth"transect,"time"at"the"start"of"the"station"and"at"the"finish"of"the"station,"state"of"the"ocean"(calm,"rough,"etc.),"depth"and"visibility."" To"assess"the"data"for"each"transect,"we"first"calculated"the"amount"of"coral"cover"by"determining"the"types"and"forms"of"the"coral,"along"with"the"percentage"of"each"form."In"excel,"we"analyzed"each"transect"to"get"totals"of"the"amount"of"coral"
Figure*4.*Transect*:"A"sample"of"the"transects"conducted"at"each"station."4""transects"were"conducted"at"each"of"the"8"stations."
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types"present"in"the"station."The"synthesis"of"this"data"represents"the"coral"cover"by"coral"type."The"amount"of"coral"cover"represents"the"health"of"the"reef."Then"relative"abundance"data"was"analyzed"to"determine"species"diversity"makeup."
3.&Juvenile&Coral&Recruitment&" This"method"is"based"on"the"individual"count"of"juveniles"less"than"or"equal"to"10"centimeters"on"transects"of"80"meters"by"1"meter."All"of"the"juvenile"species"observed"on"the"transect"are"counted"with"the"same"technique"as"is"used"for"the"counting"of"echinoderm"invertebrates."
4.&Determinants&of&Reef&Health&The"ASEAN"(Association"of"South"East"Asian"Nations)"classification"system"is"used"to"describe"the"health"of"reef"ecosystems"(ASEAN).""This"system"classifies"coral"reefs"in"“bad"health”"as"hard"coral"cover"of"less"than"25%."Coral"reefs"with"hard"coral"cover"of"25%"to"39%"are"determined"“medium"health”"reefs."Reefs"with"hard"coral"cover"of"40%"to"59%"are"in"“good"health”."Any"coral"ecosystem"with"over"60%"hard"coral"cover"is"known"to"be"in"“excellent"health”."""
Reef*Health* Percent*Hard*Coral*Cover*Bad" 0"–"25%"Medium" 25"–"39%"Good" 40"–"59%"
Excellent" 60%"or"more"
Table*1."ASEAN*System:"Classification"of"coral"reef"health"according"to"ASEAN"classification"system"
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5.&Species&Richness&Calculations&Species"richness"was"calculated"using"the"total"species"data"for"each"transect,"station"and"site."The"data"for"each"transect"was"transformed"into"presence/absence"matrices"and"loaded"into"estimateS"species"diversity"calculator."The"estimateS"data"shows"the"diversity"of"the"coral"reefs"in"a"variety"of"different"ways,"allowing"for"proper"analysis"for"the"entire"hypothesis"where"we"stated"that"diversity"would"be"greatest"at"the"most"healthy"coral"reefs."Of"all"of"the"statistical"analyses"conducted"by"estimateS,"I"decided"to"analyze"the"data"for"S"(mean),"Uniques"(mean)"and"Chao"2"(mean)"in"order"to"create"an"accurate"picture"of"coral"species"diversity."The"calculated"S"(mean)"represents"the"mean"number"of"total"species"encountered"of"the"coral"reef"system"of"a"station."The"Uniques"(mean)"shows"the"number"of"unique"species,"which"in"turn"creates"elevated"species"richness."Lastly,"the"Chao"2"mean"of"species"abundance"shows"the"number"of"rare"species"(less"than"5%)"in"each"data"set,"giving"more"context"to"the"species"diversity"content."
6.&Species&Evenness&To"calculate"and"compare"how"similar"abundance"of"different"species"are,"the"ShannonfWiener"index"was"used."When"there"are"similar"proportions"of"all"species,"the"evenness"value"is"1."When"there"are"differing"amounts"of"common"and"rare"species,"the"value"increases"above"1."This"value"was"calculated"for"each"site"and"all"of"the"species"present"in"each"of"the"transects."""
7.&Coral&Bleaching&and&Illness&Assessment*Coral"bleaching"was"assessed"by"visual"identification"at"all"stations"at"each"of"the"two"sites,"not"only"inside"transects."Degraded"reef"species"were"recorded"when"
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the"presence"of"the"following"was"observed:"algal"regrowth,"coral"bleaching"or"purple/yellow"pathogenic"illness."All"such"illness"and"mortality"was"then"recorded"by"number"of"coral"patch"reefs"affected,"and"parts"of"any"coral"reef"that"were"affected"were"recorded"as"well.""""""""""""""""""""
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IV.&Results&
1.&Species&Richness&Data&
1a.&Species&Richness&Lokobe&& """"""""""""""""""""""""""""""
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Figure*5c.""Chao"2(mean)"values"are"calculated"to"show"total"rare"species"according"to"number"of"species"observed"per"transect"in"Lokobe."
Figure*5a.*S(mean)"values"are"calculated"to"show"total"species"diversity"according"to"number"of"species"observed"per"transect"in"Lokobe.""
Figure*5b.*Uniques(mean)"values"are"calculated"to"show"total"unique"species"according"to"number"of"uniques"observed"per"transect"in"Lokobe.""
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1b.&Species&Richness&Tanikely&""
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Figure*6a.*S(mean)"values"are"calculated"to"show"total"species"diversity"according"to"number"of"species"observed"per"transect"in"Tanikely."
Figure*6b."Uniques(mean)"values"are"calculated"to"show"total"unique"species"according"to"number"of"uniques"observed"per"transect"in"Tanikely."
Figure*6c.*Chao"2(mean)"values"are"calculated"to"show"total"rare"species"according"to"number"of"species"observed"per"transect"in"Tanikely."
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1c.&Lokobe&vs.&Tanikely&Species&Richness& """""""""""""""""""""
1d.&Species&Evenness&"
" """
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Figure:"Total"S(mean)"values"were"calculated"for"each"site,"then"compared"to"determine"total"species"diversity.""
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Figure*7a.*Total"Species"Diversity"in"both"Lokobe"and"Tanikely"was"conducted"as"the"culmination"of"the"total"numbers"of"species"(S"mean"values)"from"all"4"stations"and"4"transects"of"each"site."
Figure*7b."Total"Species"Evenness"in"both"Lokobe"and"Tanikely"conducted"with"the"Shannonf"Wiener"Index"with"data"from"all"4"stations"and"4"sites"to"determine"abundances"of"total"species."
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2.&Coral&Forms&Data&
2a.&Lokobe&Coral&Forms&&
" " """""" """
Coral*Form*Key* Form*Code*
Soft*Coral*
(Coraux*Moux)*
CMO"
Sand* SA"
Coral*Debris* DEB"
Other*
(Diadema,(Holothuria)*
OT"
Hard*Coral*
(Coraux*Durs)*
CD"
Hard*Substrate*
(Substrats*Durs)*
SD"
Algal*Regrowth* AA"
Dead*Coral* CX"
CD"47.78%"
OT"1.65%" SA"34.19%"
DEB"16.38%"
Lokobe*Antsaravy*Coral*
Forms*
CD"53.89%"
CMO"0.69%" OT"4.66%"SA"19.06%"SD"9.59%"DEB"12.11%"
Lokobe*Plaque*Hely*
Coral*Forms* CD"79.06%" CMO"1.21%"OT"0.30%"SA"13.96%"SD"1.52%"DEB"3.95%"
Lokobe*Tsakabaniany*
Coral*Forms*
AA"25.71%"
CD"27.23%" CMO"1.78%"
OT"10.36%"MA"2.51%"SA"11.04%"CX"21.37%"
Lokobe*Ampasindava*
Hassanaly*Coral*Forms*
Figure*8.*! Coral"forms"of"Lokobe’s"4"stations.""Each"station’s"data"was"performed"out"of"100%"of"transect.""Hard"Coral"Cover"(CD)"determines"coral"reef"health."
Table*2." ""Coral"Form"Key"for"all"sites."Form"code"corresponds"to"percentages"of"each"form"of"coral,"sediment,"marine"species"or"other"substrate."
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2b.&Tanikely&Coral&Forms&
&
"""""""
""
Coral*Form*Key* Form**
Soft*Coral*
(Coraux*Moux)*
CMO"
Sand* SA"
Coral*Debris* DEB"
Other*
(Diadema,Holothuria)*
OT"
Hard*Coral*
(Coraux*Durs)*
CD"
Hard*Substrate*
(Substrats*Durs)*
SD"
Algal*Regrowth* AA"
Dead*Coral* CX"
CD"41.52%"
CMO"10.27%"
OT"0.47%" SA"13.01%" SD"1.63%"DEB"33.10%"
Tanikely*North*Coral*
Forms*
AA"9.64%"
CD"29.52%"
CMO"2.07%" SA"16.57%" CX"42.19%"
Tanikely*West*Coral*
Forms*
CD"43.26%"
CMO"3.63%"
OT"3.63%" SA"33.02%"
DEB"16.45%"
Tanikely*South*Coral*
Forms*
AA"9.51%"
CD"36.49%"
CMO"4.95%" SA"30.94%"
CX"18.11%"
Tanikely*East*Coral*
Forms*
Figure*9.*! Coral"forms"of"Tanikely’s"4"stations.""Each"station’s"data"was"performed"out"of"100%"of"transect.""Hard"Coral"Cover"(CD)"determines"coral"reef"health."
Table*2." ""Coral"Form"Key"for"all"sites."Form"code"corresponds"to"percentages"of"each"form"of"coral,"sediment,"marine"species"or"other"substrate."
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3.&Coral&Reef&Health&Classification&" Site/"Station" Reef"Health"Classification"
Lokobe*Antsaravy* Good*(47.78%)"
Lokobe*Plaque*Hely* Good*(53.89%)"
Lokobe*Tsakabaniany* Excellent*(79.06%)"
Lokobe*Ampasindava* Medium*(27.23%)"
Tanikely*North* Good*(41.52%)"
Tanikely*West* Medium*(29.52%)"
Tanikely*South* Good*(43.26%)"
Tanikely*East* Medium*(36.49%)" """" """""""""""
3a.&Total&Site&Coral&Reef&Health&Classification&
"
Reef*Health* Percent*Hard*Coral*Cover*Bad" 0"–"25%"Medium" 25"–"39%"Good" 40"–"59%"Excellent" 60%"or"more"
Site* Average*Hard*Coral*Cover* Reef*Health*Classification*
Lokobe* 51.99%" Good"
Tanikely* 37.69%" Medium"
Table*3."Lokobe"and"Tanikely"Coral"Reef"Classification"based"on"ASEAN"classification"system."
Table*1."ASEAN"Classification"System"of"Coral"Reef"Health"
Table*4."Average"of""hard"coral"cover"percentages"for"all"4"stations"in"each"site."The"reef"health"classification"is"based"on"ASEAN"classification"system."
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4.&Total&Coral&Species&Encountered&""
Total*Species*Encountered* Site* * * * * * * * *
Scientific*Name* Lokobe" " " " Tanikely" " " " Total"
* a" b" c" d" 1" 2" 3" 4" Stations"
Acropora(austera( x" x" x" " " " " x" 4"
Acropora(digite( " x" x" " x" x" " " 4"
Acropora(divaricata( x" " " " " " " " 1"
Acropora(formosa( x" " " " " " " " 1"
Acropora(humilis( x" x" x" " " " " " 3"
Acropora(hyacinthus( x" x" x" " " x" x" x" 6"
Acropora(sp1( x" x" x" x" " x" x" " 6"
Acropora(sp2( x" x" x" " " " " " 3"
Acropora(sp3( x" x" x" " " x" " " 4"
Acropora(sp4( x" x" x" " " x" " " 4"
Acropora(sp5( " " " " " x" " " 1"
Acropora(sp6( " " " " " x" " " 1"
Alveopora( " x" x" " " " " " 2"
Anomastrea(irregularis( x" " " " " " " " 1"
Astreapora( " x" " " " " " " 1"
Cycloreius( " x" " " " " " " 1"
Diploastrea(heliopora( x" " " " " " " " 1"
Echinopora( x" x" x" " x" " " " 4"
Echinopora(hirsutissima( x" " " " " " " " 1"
Favia( x" x" " " " " " " 2"
Favia(favus( x" " " " " " " " 1"
Favia(sp1( " " " " x" " " " 1"
Favia(sp2( " " " " x" " " " 1"
Favia(sp3( " " " " x" " " " 1"
Favia(sp4( " " " " x" " " " 1"
Favites(sp( x" x" " " x" " " " 3"
Fungia(repanda( x" " x" " " " " " 2"
Galaxea(astreata( x" x" x" " x" " " " 4"
Galaxea(fascicularis( x" " " x" x" " x" x" 5"
Goniopora(djiboutensis( x" " x" " " " " " 2"
Goniopora(glanula( x" " x" " " " " " 2"
Goniopora(stokesi( x" " x" " " " " " 2"
Leptoria(frigia( x" x" x" " " " " " 3"
Lobophyllia(corymbosa( x" x" x" " x" " x" x" 6"
Merulina( x" " x" " " " " " 2"
Montipora( x" " " " " " x" " 2"
Pavona( " " " " " x" " " 1"
Pavona(chiriquiensis( " " " " x" x" x" x" 4"
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Platygyra( x" " " " x" x" x" " 4"
Platygyra(daedalea( x" " " " " " " " 1"Pocillopora(eydouxi( x" " " " " " " " 1"Pocillopora(verrucosa( x" " x" " x" " " " 3"Porites( " x" " x" x" x" " x" 5"Porites(cylindrica( " " " " " x" " x" 2"Porites(lobata( x" " " " " " x" " 2"Porites(rus( " " " " " x" " x" 2"Porites(sp( x" x" x" " " x" x" " 5"Seriatopora(hystrix( x" x" x" " x" " x" x" 6"Stylophora( " " " " " x" x" " 2"Symphillia(sp( " " x" " " " x" " 2"Tubipora(musica( x" " x" " " x" " " 3"
4a."Site"Descriptions"and"Observations"
"
Lokobe* Station* GPS*Coordinates*
(Start*Points)*
Date* Visibility*
(m)*
State*of*
the*Ocean*
Depth*
(m)*
a* Antsaravy" (13°25’06.0”E"048°19’58.6”S)"" November"9,"2014" 10" Calm" 1f2.5"
b* Plaque"Hely" Unavailable" November"9,"2014" 10" Calm" 1f2.5"
c* Tsakabaniany" (13˚25'21.7“E"048˚18'34.2”S)""" November"10,"2014" 8" Calm" 1f2.5"
d* Ampasindava" (13˚24’5625”E"048˚13’17”S)" November"10,"2014" 8" Calm" 1f2.5"
Tanikely** Station* GPS*Coordinates*
(Start*Points)*
Date* Visibility*
(m)*
State*of*
the*Ocean*
Depth*
(m)*
1* """""North" (13°28’797”E"048°14’284”S)" November"13,"2014" 8" Calm" 0f2"
2* West" (13°28’720”E"048°14’111”S)" November"13,"2014" 8" Calm" 0f1.5"
3* South" (13°28’999”E"048°14’350”S)" November"13,"2014" 8" Calm" 0f1.5"
4* East" (13°28’925”E"048°14’399”S)" November"13,"2014" 8" Calm" 0f1.5"
Table*5."All"species"encountered"in"all"8"sites."These"species"are"not"confined"to"only"transects;"all"species"observed"in"the"general"area"were"recorded"as"well."
Table*6."Descriptions"for"each"station"and"site."Site"number/letter"shows"the"corresponding"site"for"the"locations"referenced"in"Species"Encountered:"Figure."This"table"also"shows"the"starting"points"for"the"first"transect"of"each"station.""The"visibility,"state"of"the"ocean"and"depth"were"the"same"throughout"the"entire"survey"time."
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4b.&Total&Relative&Abundance&of&Species& &Species" Number"of"Individuals" Site" Relative"Abundance" "" Lokobe" Tanikely" Lokobe" Tanikely"
AA( 545.83" 2712" 4.84" 22.03"
MAOT( 0.96" 0" 0.01" 0.00"
CMO( 90.68" 1070" 0.80" 8.69"
OT( 478.96" 308" 4.25" 2.50"
Acropora' 8276.6" 5355" 73.41" 43.50"
Alveopora( 0" 350" 0.00" 2.84"
Echinopora( 140.32" 0" 1.24" 0.00"
Favia( 65" 15" 0.58" 0.12"
Favites( 304" 10" 2.70" 0.08"
Galaxea(
fascicularis( 259" 0" 2.30" 0.00"
Hydnophora( 0" 660" 0.00" 5.36"
Leptastrea( 73" 0" 0.65" 0.00"
Merulina( 70" 0" 0.62" 0.00"
Millepora( 0" 100" 0.00" 0.81"
Montipora( 30" 160" 0.27" 1.30"
Pachyseris( 0.2" 0" 0.00" 0.00"
Pavona( 0" 310" 0.00" 2.52"
Platygyra( 323.05" 291" 2.87" 2.36"
Pocillopora( 48.24" 30" 0.43" 0.24"
Porites(
branching( 225" 55" 2.00" 0.45"
Porites(
massive( 343" 245" 3.04" 1.99"
Psammacora( 0" 620" 0.00" 5.04"
Stylophora( 0" 20" 0.00" 0.16"
Totals* 11273.84" 12311" 100.00" 100.0"
Table*7."Relative"Abundance"of"species"in"each"site.""All"73"species"are"species"regularly"found"in"Western"Indian"Ocean"coral"reefs."
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5.&Total&Juvenile&Coral&Recruitment&""""""""""
Recruitment"Species" Site/"Station" Total"
'Acropora'austera' Lokobe"Antsaravy" 25"
Acropora'branchus' Lokobe"Ampasindava" 44"
Acropora'branchus' Lokobe"Plaque"Hely" 44"
Acropora'branchus' Lokobe"Tsakabaniany" 10"
Acropora'branchus' Tanikely"North" 33"
Acropora'digité' Lokobe"Ampasindava" 28"
Acropora'digité' Lokobe"Antsaravy" 35"
Acropora'digité' Lokobe"Plaque"Hely" 28"
Acropora'digité' Lokobe"Tsakabaniany" 17"
Acropora'digité' Tanikely"North" 27"
Acropora'formosa' Lokobe"Antsaravy" 12"
Acropora'hyacinthus' Tanikely"North" 28"
Acropora'hyacinthus' Lokobe"Ampasindava" 28"
Acropora'hyacinthus' Lokobe"Plaque"Hely" 28"
Acropora'hyacinthus' Lokobe"Tsakabaniany" 8"
Acropora'sp' Lokobe"Antsaravy" 10"
Favia' Tanikely"North" 31"
Faviidae' Lokobe"Ampasindava" 31"
Faviidae' Lokobe"Plaque"Hely" 31"
Faviidae' Lokobe"Tsakabaniany" 17"
Goniopora' Tanikely"North" 7"
Pavona' Tanikely"North" 20"
Platygyra' Lokobe"Ampasindava" 22"
Platygyra' Lokobe"Plaque"Hely" 22"
Platygyra' Lokobe"Tsakabaniany" 12"
Platygyra' Tanikely"North" 15"
Pocillopora' Lokobe"Ampasindava" 20"
Pocillopora' Lokobe"Plaque"Hely" 20"
Pocillopora' Lokobe"Tsakabaniany" 5"
Pocillopora' Tanikely"North" 20"
Porites' Lokobe"Ampasindava" 21"
Porites' Lokobe"Plaque"Hely" 21"
Porites' Lokobe"Tsakabaniany" 7"
Porites' Tanikely"East" 7*
Porites' Tanikely"North" 21"
Psammocora' Tanikely"North" 12"
Seriatopora' Tanikely"North" 30"
Table*8."All"juvenile"species"recruitment"discovered"in"all"8"stations."Juvenile"corals"are"10"cm"long"or"under."
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6.&&Echinoderm&Species&Encountered&Per&Site& """""""""""""" """""""""
*
*
*
6a.&Echinoderm&Totals&
*
*
*
*
*
*
*
*
*
*
*
*
*
Echinoderm"Species" Number" Site/"Station"
Bohadschia'argus' 13" Tanikely"South"
Bohadschia'argus' 2" Tanikely"West"
Diadema'sesotum' 639" Tanikely"South"
Diadema'sesotum' 10" Tanikely"East"
Diadema'sesotum' 157" Tanikely"North"
Diadema'sesotum' 39" Tanikely"West"
Diadema'sesotum' 179" Lokobe"Antsaravy"
Holothuria'atra' 27" Tanikely"South"
Holothuria'atra' 1" Tanikely"East"
Holothuria'atra' 19" Tanikely"North"
Holothuria'atra' 30" Tanikely"West"
Holothuria'atra' 1" Lokobe"Antsaravy"
Holothuria'atra' 2" Lokobe"Plaque"Hely"
Stichopus'chloronotus' 14" Tanikely"South"
Stichopus'chloronotus' 15" Tanikely"West"
Synapta'maculate' 4" Tanikely"South"
' " "
Echinoderm*Key* Scientific*Name* Totals*
Leopard*Sea*Cucumber* Bohadschia'argus' 15"
Needle*Sea*Urchin* Diadema'sesotum' 1024"
Black*Pen*Sea*Cucumber* Holothuria'atra' 80"
Greenfish**(Cucumber)* Stichopus'chloronotus' 29"
Spotted*Worm*Cucumber* Synapta'maculate' 4"
Table*9."Total"numbers"of"echinoderms"encountered"at"each"site"and"station"in"each"transect."These"account"for"the"“Other"(OT)”"category"of"the"Coral"Forms"data"(Figures"8/9)."
Table*10."Total"numbers"of"echinoderm"species"encountered"at"all"stations"in"all"transects."The"vernacular"name"is"given"as"well"for"further"information/context.""
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7.&Coral&Bleaching&and&Illness&
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
Coral"Bleaching/Degradation" Coral"Species" Site/"Station" Number"of"affected"Algal"regrowth/bleaching" Acropora'formosa' Lokobe"Antsaravy" 1"Bleaching" Acropora'austera' Tanikely"East" 4"Bleaching" Acropora'formosa' Tanikely"South" 8"Bleaching" Acropora'hyacinthus' Lokobe"Antsaravy" 7"Bleaching" Acropora'sp' Tanikely"North" 1"Bleaching" Stylophora' Tanikely"South" 2"Pathogenic"Illness" Acropora'sp' Tanikely"North" 1"Pathogenic"Illness" Porites'lobata' Lokobe"Antsaravy" 6"Pathogenic"Illness" Porites'sp' Tanikely"West" 2"
Table*11."Coral"bleaching"and"illness"present"at"each"station"and"site.""The"affected"corals"are"counted"by"patch"of"coral"sickness"or"mortality."Partial"sickness"and"mortality"were"counted"as"well."
"
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V.&Discussion&
*" Northern"Madagascar"is"extremely"diverse"in"marine"life."It"is"comparable"to"certain"areas"close"to"the"center"of"the"IndofPacific"region,"such"as"the"northern"Great"Barrier"Reef"of"Australia"(RAP"2010).""Coral"reef"systems"are"important"for"marine"organisms"and"for"human"livelihoods"as"well.""In"order"to"determine"the"health"of"the"reef"systems"around"Nosy"Be"and"Nosy"Tanikely,"we"conducted"surveys"of"various"reefs"to"construct"a"picture"of"Northwestern"Madagascar’s"overall"reef"health."" Lokobe’s"coral"reef"systems"are"classified"as"fringe"reefs,"arising"from"sand"and"mud"directly"from"shore.""Fringe"reefs"are"particularly"vulnerable"to"pollution,"human"impacts"and"degradation"because"there"are"no"barriers"to"protect"the"reef"from"human"and"environmental"impacts."The"sand"and"mud"mixture"comes"from"12"fresh"water"sources"that"influence"the"ecosystem."These"sources"also"change"depending"on"the"season;"8"of"the"water"sources"are"permanent,"while"the"4"others"only"arise"with"the"start"of"the"rainy"season.""These"water"sources"bring"many"nutrients"and"polluted"runoff"into"the"ocean;"this"constant"addition"and"fluctuation"in"salinity,"temperature"and"pH"results"in"coral"adaptation"to"the"influx,"or"coral"death.""This"difference"depends"on"the"flexibility"and"adaptability"of"the"coral"species"to"their"environment."Lokobe"is"a"national"park"with"a"fairly"recently"created"marine"protected"area."For"this"reason,"the"reef"is"less"diverse"and"there"are"few"echinoderms,"fish"and"other"marine"life"living"in"the"reef."Over"time,"as"the"protected"area"is"further"enforced,"these"coral"reefs"have"the"potential"to"thrive."However,"there"was"pollution"in"the"water"and"on"surrounding"beaches."There"were"broad"
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patches"of"extremely"hot"water,"with"some"coral"bleaching"and"associated"algal"regrowth.""""""""""""Lokobe"is"in"“good”"coral"condition"for"the"most"part,"with"hard"coral"cover"of"51.99%,"by"ASEAN"reef"health"standards"(ASEAN).""Antsaravy’s"coral"is"generally"in"“good”"health"with"a"hard"coral"percentage"of"47.78%.""This"site"is"relatively"clean,"with"little"debris,"but"the"water"temperature"was"high"in"a"few"places."Plaque"Hely"is"in"better"condition"than"Antsaravy,"but"still"classified"as"“good”,"with"hard"coral"cover"of"53.89%.""The"water"temperature"was"very"high"at"this"station,"and"fish"biomass"is"extremely"low."Tsakabaniany"has"the"highest"percentage"of"hard"coral"cover,"of"79.06%,"making"it"the"healthiest"reef,"in"“excellent”"condition."There"is"a"lot"of"fish"biodiversity"and"many"different"types"of"coral"at"Tsakabaniany."The"last"station,"Ampasindava,"is"in"the"worst"health,"with"hard"coral"cover"of"only"27.23%,"thus"classifying"it"in"“medium”"heath.""Ampasindava"is"the"most"polluted"station,"with"lots"of"debris"and"visible"human"impacts"as"a"result"of"the"close"proximity"of"houses"and"people."Lokobe"is"the"greatest"in"overall"coral"cover;"however,"it"is"lower"in"species"diversity"and"relative"species"abundance."The"coral"habitat"in"Lokobe"is"more"conducive"for"the"proliferation"of"certain"coral"species"to"grow"in"higher"abundances"than"other"species."As"a"result,"there"is"less"diversity."The"species"evenness"value"of"Lokobe"was"1.2,"meaning"there"was"high"species"evenness."This"means"that"there"are"relatively"equal"amounts"of"each"species"in"this"environment."""Tanikely’s"coral"reef"systems"are"also"classified"as"fringe"reefs,"directly"arising"from"the"sandy"shores"of"Nosy"Tanikely."As"Nosy"Tanikely"is"a"volcanic"
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island,"there"is"also"hard"volcanic"substrate"from"which"coral"grows.""Nosy"Tanikely"is"a"wellffrequented"tourist"snorkeling"site"because"of"the"high"biodiversity"and"clear"waters."However,"this"large"amount"of"marine"tourism"causes"high"degradation"to"the"coral"reef"ecosystem."The"most"degraded"areas"to"the"eye"are"the"ones"in"which"tourists"frequently"snorkel"and"pollute"the"environment."This"reef"system"has"a"lot"of"biodiversity"because"it"is"a"wellfprotected"marine"reserve,"and"human"impacts"are"attempted"to"be"kept"to"a"minimum.""""""Tanikely"is"in"adequate"(medium)"health"for"the"majority"of"the"coral"reef"examined."In"total,"it"is"in"“medium”"health"with"hard"coral"cover"of"37.69%."The"North"station"is"in"the"best"condition,"with"a"“good”"classification"of"41.52%"hard"coral"cover."The"North"station"is"not"frequented"by"many"tourists"and"is"the"deepest"fringe"coral"reef"site.""Tanikely"West"is"in"the"worst"condition,"with"a"“medium”"classification"of"29.52%."This"station"is"very"shallow,"with"sedimentation"and"pollution"present.""Tanikely"South,"with"hard"coral"cover"of"43.26%,"is"in"the"second"best"health"and"was"classified"as"in"“good”"health."The"South"station"is"less"frequented"by"tourists,"but"still"has"some"damage"from"human"impacts.""Tanikely"East,"or"“Baignade”"is"the"most"frequented"area"by"tourists"for"snorkeling,"scuba"diving"and"swimming;"it"is"the"principal"beach"area"visited"by"tourists"at"Tanikely."It"is"in"“medium”"condition"with"36.49%"hard"coral"cover."Moreover,"Tanikely"is"abundant"in"coral"species"diversity."The"site"overall"has"more"species"of"coral"and"higher"relative"abundance,"but"the"corals"are"less"healthy."The"lack"of"coral"cover"contributes"to"lower"coral"health,"even"though"there"are"more"coral"species"present."There"is"also"lower"species"evenness"in"Tanikely,"further"proving"the"validity"of"the"
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increased"species"diversity"with"an"evenness"value"of"1.83."The"higher"evenness"value"means"that"there"is"a"larger"variety"of"common"and"rarer"species.""Juvenile"coral"recruitment"is"a"sign"of"further"coral"reef"health."Coral"aggregation"arises"in"areas"well"suited"for"coral"growth."Healthier"coral"reefs,"such"as"those"of"Lokobe,"have"greater"recruitment"of"juvenile"corals"than"the"less"healthy"Tanikely"corals."The"healthy"corals"of"Lokobe"have"a"large"amount"of"recruitment"as"a"result"of"the"good"condition"of"the"habitats"for"coral"reef"growth"and"spread."The"expansiveness"of"juvenile"coral"recruitment"is"a"good"sign"for"the"future"of"Lokobe"coral"reefs;"aggregation"of"corals"will"provide"shelter,"food"and"nurseries"for"a"variety"of"marine"organisms."The"presence"of"echinoderms"in"coral"reef"sites"is"usually"a"good"sign"of"the"ecosystem’s"overall"health."However,"the"presences"of"spiny"echinoderm"grazers"such"as"sea"urchins"or"Crown"of"Thorns"sea"stars"are"negative"indicators"(Birkeland"1988)."Sea"urchins"are"bioeroders"of"coral"structure"and"contribute"to"the"degradation"of"reefs"(Qiu"et"al"2014)."Sea"urchins"(Diadema'sesotum)"are"abundant"in"the"areas"of"the"coral"reefs"where"there"was"coral"debris"(DEB),"or"high"coral"mortality"and"illness.""Subsequently,"there"are"many"sea"urchins"at"the"Tanikely"site,"which"is"in"a"much"worse"state"of"health"than"Lokobe,"which"has"a"lower"number"of"sea"urchins."Sea"cucumbers"are"also"abundant"in"areas"of"coral"debris"and"sand.""There"are"many"more"sea"cucumbers"in"Tanikely"than"in"Lokobe;"however,"it"was"hypothesized"that"the"sea"cucumbers"in"Lokobe,"a"less"protected"area,"are"exploited"for"exportation"to"Chinese"markets."
32"Acosta*"
"
Coral"bleaching"and"illness"has"become"a"larger"factor"in"coral"reef"health"in"Northwest"Madagascar"in"recent"years.""We"recorded"bleaching,"mortality"and"illness"data"to"keep"track"of"the"coral"health"as"climate"changes."With"warming"ocean"temperatures,"many"of"northwestern"Madagascar’s"corals"are"vulnerable."We"discovered"the"most"coral"bleaching"at"Nosy"Tanikely."This"may"have"been"attributed"to"the"more"shallow"depth"of"the"fringe"reefs,"thus"proximity"to"sunlight"and"heat."However,"it"is"hard"to"say"what"exactly"causes"the"death"of"the"zooxanthellae,"other"than"increased"temperature,"which"subsequently"causes"coral"bleaching.""Coral"health"is"composed"of"a"variety"of"factors."Through"analysis"of"hard"coral"cover,"species"richness"and"evenness"calculations,"relative"species"abundance,"juvenile"coral"recruitment,"echinoderm"presence"and"coral"bleaching/illness"assessment,"we"can"adequately"see"and"understand"the"health"of"the"coral"reefs"observed.""""""
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&
VI.&Conclusion&
*" The"data"collected"was"extremely"enlightening,"and"at"some"points"unexpected,"relating"to"the"health"of"these"coral"reef"systems."The"data"and"analyses"show"that"Lokobe"is"the"healthiest"coral"reef"site"with"the"largest"amount"of"hard"coral"cover";"however,"Tanikely"has"more"species"richness,"diversity,"and"relative"abundance"of"species.""Lokobe"also"has"the"highest"amount"of"juvenile"coral"recruitment,"which"correlates"to"its"status"as"a"healthy"reef"system."In"Tanikely,"we"observed"the"largest"amount"of"echinoderms"and"of"coral"bleaching,"which"corresponds"to"its"lesser"health.""" Tanikely"may"be"in"more"degraded"health"as"a"result"of"increased"tourism"and"debris,"as"well"as"shallower"fringe"reefs.""Lokobe’s"least"healthy"site,"Ampasindava,"is"in"the"worst"condition"as"a"result"the"close"proximity"to"homes"and"human"pollution.""Without"reef"protection"and"adequate"surveys"of"reef"health,"coral"reef"ecosystems"can"be"in"grave"danger"from"both"natural"and"human"sources.""It"is"necessary"to"protect"these"vital"habitats"and"their"expansive"biodiversity.""" Reef"degradation"can"happen"extremely"quickly."From"sea"urchin"grazing"to"coral"bleaching"with"higher"ocean"temperatures,"these"ecosystems"are"very"vulnerable"to"disturbance."Reef"ecosystems"are"an"integral"part"of"marine"biodiversity,"and"must"be"conserved."
34"Acosta*"
"
1.&Limitations&of&the&Study&Limitations"of"this"study"pertained"to"with"tides,"knowledge"of"coral"reef"species/"other"marine"organisms"and"human"errors"of"approximation."We"surveyed"the"Lokobe"site"at"low"tide,"so"the"corals"were"very"shallow"and"at"places"even"sticking"out"of"the"water."This"could"have"changed"the"data"because"marine"organisms"move"at"different"tides"and"also"it"is"harder"to"determine"coral"bleaching"and"illness"when"some"corals"are"not"even"submerged."Also,"I"had"to"rely"on"other"researchers"for"all"coral"species"identification."Further"studies"and"more"sites"could"have"been"studied"if"I"had"the"opportunity"to"learn"in"depth"about"all"of"the"coral"species.""I"think"it"would"also"be"helpful"if"we"had"taken"water"temperature"data,"pH,"salinity"and"turbidity,"to"add"to"the"analysis."
2.&Suggestions&for&Future&Study&There"is"more"work"to"be"done"on"the"assessment"of"Madagascar’s"coral"ecosystems."The"last"total"coral"reef"ecosystem"assessment"was"done"in"2010"(RAP)."Correlating"ocean"temperature"data"to"coral"reef"health"would"also"be"an"interesting"future"study.""More"studies"on"Northern"Madagascar’s"corals"are"essential"for"the"future"health"and"biodiversity"of"corals."As"time"goes"on,"the"future"for"this"hub"of"biodiversity"is"more"and"more"uncertain."
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VII.&Appendix:&&
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Figure*10."Acropora'sp."(Gisele"Bakary"2009)"
Figure*11."Porites'sp."(Gisele"Bakary"2009)"
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Figure*13.*Needle"Sea"Urchin(Diadema'sesotum),"degraders"of"reef"ecosystems,"in"coral"debris"(DEB)"and"sand."(Gisele"Bakary"2009)"
Figure*14."Bleached"hard"coral,"Pocillopora'"(Gisele"Bakary"2009)"
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Species*Evenness:*ShannonaWeiner*Index*
Species'
Site/'Number'
of'Individuals'
' '
Evenness'
'
Tanikely' n/N' ln(n/N)' n/N*ln(n/N)'
AA 2712' 0.220290797' D1.512806802' D0.333257416'
CMO 1070' 0.086914142' D2.442834523' D0.212316866'
OT 308' 0.025018276' D3.688148668' D0.092271123'
Acropora 5355' 0.43497685' D0.832462468' D0.362101902'
Alveopora 350' 0.028429859' D3.560315296' D0.101219264'
Favia 15' 0.001218423' D6.71019825' D0.008175857'
Favites 10' 0.000812282' D7.115663358' D0.005779923'
Hydnophora 660' 0.053610592' D2.926008616' D0.156865055'
Millepora 100' 0.008122817' D4.813078265' D0.039095754'
Montipora 160' 0.012996507' D4.343074635' D0.056444801'
Pavona 310' 0.025180733' D3.681676153' D0.092707303'
Platygyra 291' 0.023637397' D3.744925183' D0.088520285'
Pocillopora 30' 0.002436845' D6.017051069' D0.014662621'
Porites branching 55' 0.004467549' D5.410915265' D0.024173531'
Porites massive 245' 0.019900902' D3.91699024' D0.077951637'
Psammacora 620' 0.050361465' D2.988528973' D0.150506698'
Stylophora 20' 0.001624563' D6.422516177' D0.010433785'
Totals 12311'
' '
D1.82648382'
' ' ' '
1.82648382'
Species' Site/Number'of'Individuals'
' '
Evenness'
'
Lokobe' n/N' ln(n/N)' n/N*ln(n/N)'
AA 545.83' 0.048415624' D3.027932705' D0.146599252'
MAOT 0.96' 8.51529ED05' D9.371062271' D0.000797973'
CMO 90.68' 0.0080434' D4.822903451' D0.03879254'
OT 478.96' 0.042484193' D3.15862319' D0.134191559'
Acropora 8276.6' 0.734142049' D0.309052742' D0.226888613'
Echinopora 140.32' 0.012446513' D4.386314748' D0.054594325'
Favia 65' 0.00576556' D5.155853007' D0.029726379'
Favites 304' 0.02696508' D3.613212575' D0.097430567'
Galaxea 
fascicularis 259' 0.022973539' D3.773412215' D0.086688632'
Leptastrea 73' 0.006475167' D5.039780835' D0.032633424'
Merulina 70' 0.006209065' D5.081745035' D0.031552883'
Montipora 30' 0.002661028' D5.929042895' D0.015777347'
Pachyseris 0.2' 1.77402ED05' D10.93967819' D0.000194072'
Platygyra 323.05' 0.028654833' D3.552433167' D0.101794378'
Pocillopora 48.24' 0.004278932' D5.454051724' D0.023337519'
Porites 
branching 225' 0.019957707' D3.914139874' D0.078117258'
Porites massive 343' 0.030424416' D3.492509829' D0.106257573'
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Totals 11273.84'
' '
D1.205374293'
' ' ' '
1.205374293'
Figure*16.*Total"Species"Evenness"in"Lokobe"and"Tanikely."The"closer"the"total"evenness"value"is"to"1,"the"more"even"the"species"abundance."
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Figure*15.""Common"corals"encountered"on"the"coast"of"Madagascar"and"in"the"Western"Indian"Ocean"on"fringe"and"patch"coral"reef"structures."
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VIII."Bibliography*
Figure*16."Examples"of"corals,"animals"and"plants"encountered"in"both"sites"of"Tanikely"and"Lokobe."
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